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(57) ABSTRACT

A player and an AV amplifier are connected via a cable. An
amplifying device amplifies an output signal supplied to an
output terminal 14, and outputs the amplified output signal as
a transmission signal to the cable. An amplifying device
amplifies an output signal supplied to an output terminal, and
outputs the amplified output signal as a transmission signal to
a cable. An operation device subtracts the output signal sup-
plied to the output terminal from the transmission signal
output to the cable. An operation device subtracts the output
signal supplied to the output terminal from the transmission
signal output to the cable. Therefore, the transmission signal
from the AV amplifier 1s supplied to an input terminal, and the
transmission signal from the player 1s supplied to an input
terminal. The transmission signal mncludes a two-way com-
munication bit indicating whether two-way communication
1s enabled.

2 Claims, 21 Drawing Sheets
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1
INTERFACE CIRCUIT

CROSS-REFERENCES TO RELAT
APPLICATIONS

T
.

The present application 1s a national phase entry under 35
U.S.C. §371 of International Application No. PCT/JP2009/
058844 filed May 12, 2009, published on Nov. 19, 2009 as
WO 2009/139386 Al, which claims priority from Japanese
Patent Application No. JP 2008-124567 filed 1n the Japanese
Patent Office on May 12, 2008.

TECHNICAL FIELD

The present invention relates to an interface circuit, and
more particularly, to an interface circuit for transmitting a
digital signal such as an audio signal between apparatuses.

BACKGROUND ART

Recently, as AV (Audio/Visual) apparatuses handling digi-
tal signals such as an audio signal and a video signal come
into wide use, interfaces of various methods for transmitting
digital signals between these AV apparatuses have been pro-
posed. SPDIF (Sony Philips Digital InterFace) 1s known as
one of such interfaces. The SPDIF 1s an interface for trans-
mitting digital audio signals, and 1s standardized as
“IEC60958” by IEC (International Electrotechnical Com-
mission).

The SPDIF mainly aims to transmuit digital audio signals. In

order to use the SPDIF more easily, an attempt 1s made to
transmit not only the digital audio signals but also supple-
mentary information relating to sound volume and sound
quality (for example, see Patent Document 1).

PRIOR ART DOCUMENT

Patent Document 1: Japanese Patent Application Laid-Open
No. 2005-151473 (FI1G. 1)

DISCLOSURE OF INVENTION

However, the transmission direction of the SPDIF 1s lim-
ited to one direction from a source apparatus to a sink appa-
ratus, and a signal cannot be transmitted from the sink appa-
ratus to the source apparatus. Therefore, there 1s a problem in
that applications are limited compared with other IEEE (Insti-
tute of Flectrical and Electronics Engineers) 1394 specifica-
tion and HDMI (High-Definition Multimedia Interface)
specification (HDMI 1s a registered trademark).

The present invention has been made 1n view of such cir-
cumstances, and 1t 15 an object of the present ivention to
achieve two-way transmission with a one-way transmission
interface such as SPDIF.

The present invention has been made 1n order to solve the
above problems, and a first aspect thereof 1s an interface
circuit including: a transmission unit for transmitting an out-
put signal, including two-way information to the effect that
two-way communication 1s supported, to an external appara-
tus via a transmission path; and an extraction unit for extract-
ing an put signal by adding an 1nverted signal of the output
signal to a signal on the transmission path. This brings about
the effect of achieving two-way communication on the trans-
mission path with the external apparatus.

In this first aspect, the output signal or the mnput signal may
include a clock component. This brings about the effect of
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2

transmitting and receiving the clock component. For
example, a signal modulated by bi-phase mark modulation
may also be included.

In this first aspect, the output signal or the mput signal may
include encryption mformation indicating whether the con-
tent of the output signal 1s encrypted. This brings about the
elfect of performing secure transmission and reception on the
transmission path.

Further, a second aspect of the present mvention 1s an
interface circuit including: a transmission unit for transmit-
ting an output signal to an external apparatus via a transmis-
s1on path; and an extraction unit for extracting an input signal
by adding an 1inverted signal of the output signal to a signal on
the transmission path, wherein only when the input signal
includes two-way information to the effect that two-way
communication 1s supported, the transmission unit transmits
the output signal. This brings about the effect of performing
two-way communication with the external apparatus on the
transmission path only when the input signal includes the
two-way 1miormation.

In this second aspect, the output signal or the input signal
may include a clock component. This brings about the effect
of transmitting and recerving the clock component. For
example, a signal modulated by bi-phase mark modulation
may also be icluded.

In this second aspect, the output signal or the input signal
may include encryption information indicating whether a
content of the output signal 1s encrypted. This brings about
the effect of performing secure transmission and reception on
the transmission path.

In this second aspect, the output signal may include a
control signal for the external apparatus. This brings about the
clfect of transmitting the control signal 1n an opposite direc-
tion on the transmission path and controlling the external
apparatus.

Further, a third aspect of the present invention 1s an inter-
face circuit including: a first transmission unit for transmit-
ting a first output signal, as a differential signal, to an external
apparatus via a transmission path; a first extraction unit for
extracting a first input signal by adding an inverted signal of
the first output signal to a signal on the transmission path; a
second transmission unit for multiplexing on the transmission
path a second output signal, as a common-mode signal,
including two-way information to the efiect that two-way
communication 1s supported, and for transmitting the second
output signal to the external apparatus via the transmission
path; and a second extraction unit for extracting a second
input signal by adding an inverted signal of the second output
signal to the signal on the transmission path. This brings
about the effect of performing two-way communication using
the common-mode signal on the transmission path which 1s
adapted for two-way communication using the differential
signal.

Further, a fourth aspect of the present invention 1s an inter-
face circuit including: a first transmission unit for transmiait-
ting a first output signal, as a differential signal, to an external
apparatus via a transmission path; a first extraction unit for
extracting a first input signal by adding an inverted signal of
the first output signal to a signal on the transmission path; a
second transmission unit for multiplexing on the transmission
path a second output signal as a common-mode signal, and for
transmitting the second output signal to the external appara-
tus via the transmission path; and a second extraction umit for
extracting a second 1nput signal by adding an inverted signal
of the second output signal to the signal on the transmission
path, wherein only when the second input signal includes
two-way mnformation to the effect that two-way communica-
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tion 1s supported, the second transmission unit transmits the
second output signal. This brings about the effect of perform-
ing two-way communication using the common-mode signal
on the transmission path which 1s adapted for two-way com-
munication using the differential signal only when the input
signal includes the two-way information.

In the third and fourth aspects of the present mvention,
two-way communication according to the Internet Protocol
(IP) can be performed as the two-way communication per-
tformed with the differential signal by the first transmission
unit. Further, the transmission path can use a reserve line and
a hot plug detection line which constitute an HDMI cable.

The present invention exhibits remarkable effects of
achieving two-way transmission with a one-way transmis-
s1on 1nterface such as SPDIF.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic configuration diagram showing an
interface according to an embodiment of the present mven-
tion.

FI1G. 2 1s an exemplary circuit configuration diagram show-
ing the interface according to the embodiment of the present
ivention.

FIG. 3 1s a figure showing a frame configuration according,
to the SPDIF specification.

FIG. 4 1s a figure showing a sub-frame configuration
according to the SPDIF specification.

FIG. 5 1s a figure showing a signal modulation method
according to the SPDIF specification.

FIG. 6 1s a figure showing a channel coding of a preamble
according to the SPDIF specification.

FIG. 7 1s a figure showing a format of a channel status
according to the SPDIF specification.

FIG. 8A 1s a figure showing a format of user data according,
to the SPDIF specification.

FI1G. 8B 1s a figure showing a format of user data according,
to the SPDIF specification.

FIG. 8C 1s a figure showing a format of user data according,
to the SPDIF specification.

FIG. 8D 1s a figure showing a format of user data according,
to the SPDIF specification.

FIG. 9 1s an exemplary configuration diagram showing an
interface for transmitting and receiving an information coms-
munication frame 1n two ways according to the embodiment
of the present invention.

FI1G. 101s a figure showing a system configuration example
using the interface according to the embodiment of the
present invention.

FIG. 11 1s a figure showing an exemplary clock transmis-
s1on using the interface according to the embodiment of the
present invention.

FIG. 12 1s a figure showing an exemplary sequence of an
authentication processing that can be achieved by the two-
way communication according to the embodiment of the
present invention.

FIG. 13 1s a figure showing an exemplary decoding pro-
cessing using the mterface according to the embodiment of
the present invention.

FIG. 14 1s a figure showing an exemplary multi-track
recording processing using the interface according to the
embodiment of the present invention.

FIG. 15 1s a schematic configuration diagram showing an
interface according to the HDMI specification.

FI1G. 16 1s a figure showing an exemplary pin arrangement
of a connector according to the HDMI specification.
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4

FIG. 17 1s a figure showing an exemplary internal configu-
ration of a source apparatus 100 and a sink apparatus 200

according to the embodiment of the present invention.

FIG. 18A 1s a figure showing an exemplary configuration
ol a sink side transmission/reception circuit 250 according to
the embodiment of the present invention.

FIG. 18B 1s a figure showing an exemplary configuration of
a source side transmission/reception circuit 140 according to
the embodiment of the present invention.

FIG. 19 1s a figure schematically showing operation in an
applied example according to the embodiment of the present
invention.

FIG. 20A 1s a figure showing an exemplary configuration
of a sink apparatus model detection circuit 110 according to
the applied example of the embodiment of the present inven-
tion.

FIG. 20B 1s a figure showing an exemplary configuration of
a source apparatus model detection circuit 210 according to
the applied example of the embodiment of the present inven-
tion.

FIG. 21A 1s a figure showing an exemplary configuration
ol a plug connection transmission circuit 220 according to the
embodiment of the present invention.

FIG. 21B 1s a figure showing an exemplary configuration of
a plug connection detection circuit 120 according to the
embodiment of the present invention.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

Next, embodiments of the present mmvention will be
described in detail with reference to the drawings.

FIG. 1 1s a schematic configuration diagram showing an
interface according to an embodiment of the present imnven-
tion. In the figure, a cable 30 based on SPDIF (Sony Philips
Digital InterFace) specification 1s connected between a player
10 and an AV (Audio/Visual) amplifier 20. In the SPDIF
specification, the transmission direction 1s 1n one way, and a
transmitting apparatus 1s called a source apparatus, whereas a
receiving apparatus 1s called a sink apparatus. In this
example, the player 10 corresponds to the source apparatus,
and the AV amplifier 20 corresponds to the sink apparatus.

Therefore, 1n the conventional SPDIF specification, only a
signal 1n a normal direction from the player 10 to the AV
amplifier 20 (SPDIF normal signal 31) 1s transmaitted. In
contrast, in the embodiment of the present invention, a signal
in the opposite direction from the AV amplifier 20 to the
player 10 (SPDIF opposite signal 32)1s also transmitted in the
cable 30. In other words, two-way transmission 1s enabled
with the SPDIF without physically changing pin arrangement
ol a connector of the cable 30.

FIG. 2 1s an exemplary circuit configuration diagram show-
ing the interface according to the embodiment of the present
invention. The player 10 and the AV amplifier 20 are con-
nected by the cable 30. A ground wire 39 1s a common ground
wire for the player 10 and the AV amplifier 20, and 1s
grounded to a ground terminal GND.

The player 10 has amplifying devices 11 and 13 and an
operation device 12, as a connection circuit to the cable 30.

The amplifying device 11 amplifies an output signal sup-
plied to an output terminal 14, and outputs the amplified
output signal, as a transmission signal, to the cable 30. The
transmission signal output from this amplitying device 11 1s
output to the cable 30 and 1s also supplied to one of inputs of
the operation device 12.

The operation device 12 inverts the output signal supplied
to the output terminal 14, and adds the inverted output signal
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to the transmission signal output by the amplifying device 11
to the cable 30. The operation performed by the operation
device 12 1s equivalent to subtracting the output signal sup-
plied to the output terminal 14 from the transmission signal
output by the amplifying device 11 to the cable 30.

The amplifying device 13 amplifies the operation result of
the operation device 12 as a reception signal. The output of
this amplifying device 13 1s supplied to an input terminal 15.

Further, just like the player 10, the AV amplifier 20 has
amplifying devices 21 and 23 and an operation device 22 as a
connection circuit to the cable 30.

The amplitying device 21 amplifies an output signal sup-
plied to an output terminal 24, and outputs the amplified
output signal as a transmission signal to the cable 30. The
transmission signal output from this amplifying device 21 1s
output to the cable 30 and 1s also supplied to one of 1nputs of
the operation device 22.

The operation device 22 inverts the output signal supplied
to the output terminal 24, and adds the inverted output signal
to the transmission signal output by the amplifying device 21
to the cable 30. The operation performed by the operation
device 22 1s equivalent to subtracting the output signal sup-
plied to the output terminal 24 from the transmission signal
output by the amplifying device 21 to the cable 30.

The amplifying device 23 amplifies the operation result of
the operation device 22 as a reception signal. The output of
this amplitying device 23 1s supplied to an input terminal 25.

As described above, the operation devices 12 and 22 sub-
tract the output signal from the transmission signal, so that a
signal transmitted from another apparatus can be received,
and not only a normal signal based on the original SPDIF
specification but also an opposite signal can be transmitted
and recerved.

In the embodiment of the present invention, the amplifying
devices 11 and 21 are an example of a transmission unit
recited 1in claims. Further, the operation devices 12 and 22 are
an example of an extraction umt recited in claims.

Although a ground line 39 1s 1llustrated 1n this example, the
examples mentioned below will be explained with the ground
line omitted from the drawings.

Next, the SPDIF specification will be explained with ret-
erence to the drawings.

FIG. 3 1s a figure showing a frame configuration according,
to the SPDIF specification. In the SPDIF specification, each
frame includes two sub-frames. In a case of two-channel
stereo audio, the first sub-1rame includes a left channel signal,
and the second sub-frame includes a right channel signal.

At the beginning of the sub-frame, a preamble 1s arranged
as explained below. A preamble “M” 1s attached to the left
channel signal, and a preamble “W” 1s attached to the right
channel signal. However, “B” 1s attached to the first preamble
in every 192 frames to represent the start of a block. In other
words, one block includes 192 frames. The block 1s a unit
constituting a later-described channel status.

FIG. 4 1s a figure showing a sub-frame configuration
according to the SPDIF specification. A sub-frame includes
Oth to 31st time slots, totally 32 time slots.

The Oth to 3rd time slots represent the preamble (Sync
preamble). This preamble indicates any of “M”, “W”, and
“B” to represent a distinction between the left and right chan-
nels and the start position of a block as described above.

The 4th to 27th time slots are a main data field. When 24-bit
code range 1s employed, the entire time slots represent audio
data. Alternatively, when 20-bit code range 1s employed, the
8th to 27th time slots represent audio data (Audio sample
word). In the latter case, the 4th to 7th time slots can be used
as auxiliary information (Auxiliary sample bits).
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The 28th time slot 1s a validity flag of the main data field.
The 29th time slot represents one bit of user data. A series
of user data can be structured by accumulating the 29th time
slots extending over frames. A message of this user data 1s
structured 1n units of 8-bit information units (IU), and one
message includes 3 to 129 mformation units. O to 8 bits of “0”
may exist between imnformation umts. The first information
unit 1s marked with a start bit “1”. The first seven information
units 1n a message are reserved, and a user can set arbitrary
information to the 8th and subsequent information units.
Messages are delimited by 8 bits or more of “0”.

The 30th time slot represents one bit of channel status. A
series of channel status can be structured by accumulating the
30th time slots extending over frames in each block. The
beginning of a block 1s marked by the preamble (the Oth to 3rd
time slots) as described above. The format of the channel
status will be explained later.

The 31st time slot 1s a parity bit. This parity bit 1s given so
that the 4th to 31st time slots include even numbers of “0”” and
“17.

FIG. 5 1s a figure showing a signal modulation method
according to the SPDIF specification. In the SPDIF specifi-
cation, the 4th to 31st time slots of the sub-frame excluding
the preamble 1s modulated by bi-phase mark modulation.

In the bi-phase mark modulation, a clock twice as fast as
that of an original signal (source coding) 1s used. When the
clock cycle of the original signal 1s divided 1into the first half
and the latter halt, the output of the bi-phase mark modulation
always inverts at the edge of the first half of the clock cycle. At
the edge of the latter half of the clock cycle, the output inverts
when the original signal represents “1”°, whereas the output
does not invert when the original signal represents “0”. There-
fore, a clock component of the original signal can be extracted
from a signal modulated by bi-phase mark modulation.

FIG. 6 1s a figure showing a channel coding of the preamble
according to the SPDIF specification. As described above, the
4th to 3 1st time slots of a sub-frame 1s modulated by bi-phase
mark modulation. On the other hand, the preamble of the Oth
to 3rd time slots 1s not modulated by a normal bi-phase mark
modulation, but 1s treated as a bit pattern 1n synchronization
with a twice-speed clock. In other words, two bits are
assigned to each of the Oth to 3rd time slots, so that an 8-bit
pattern as shown 1n the figure 1s obtained.

When the state immediately before 1s “0”, “11101000” 1s
assigned to the preamble “B”, “11100010” 1s assigned to the
preamble “M”, and “1100100” 1s assigned to the preamble
“W”. On the other hand, when the state immediately before 1s
“17, 000101117 1s assigned to the preamble “B”,
“00011101” 1s assigned to the preamble “M”, and
“00011011” 1s assigned to the preamble “W”.

FIG. 7 1s a figure showing a format of a channel status
according to the SPDIF specification. The channel status 1s
obtained by accumulating the 30th time slots of the sub-
frames 1n each block, and the channel status carries informa-
tion about the audio channel transmitted 1n the same sub-
frame. In this figure, the contents of the channel status are
arranged byte by byte 1n a vertical direction, and a bit struc-
ture of each byte 1s shown 1n the horizontal direction. In this
explanation, the format 1s assumed to be for consumer use.

In the Oth byte, the Oth bit indicates that this channel status
1s Tor consumer use. The 1st bit indicates whether this audio
channel 1s a linear PCM sample or not. The 2nd bit indicates
whether this audio channel 1s software set with copyright or
not. The 3rd to 5th bits are a field serving as additional format
information 1including, for example, information about
whether pre-emphasis 1s applied or not. The 6th and 7th bits
are a field indicating a mode.
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The 1st byte 1s a field indicating a category code. This
category code represents a model of an apparatus generating
the audio signal. This category code 1s arranged 1n the 8th to
15th bits from the beginning of the channel status.

In the 2nd byte, the Oth to 3rd bits are a field representing a
source number. This source number identifies a source, and
indicates a range from “1” to “15”. The 4th to 7th bits are a
field representing a channel number. This channel number
indicates whether this audio channel 1s aright channel or a lett
channel.

In the 3rd byte, the Oth to 3rd bits are a field representing a
sampling frequency. For example, “0000” represents a sam-
pling frequency of 44.1 kHz. The 4th and 5th bits are a field
representing a clock accuracy. In this clock accuracy, the level
ol accuracy 1s represented 1n three levels.

In the 4th byte, the Oth to 3rd bits are a field representing a
word length. A value “0” 1n the Oth bit means that the maxi-
mum sample length 1s 20 bits, and a value “1” 1n the Oth bit
means that the maximum sample length 1s 24 bits. The sub-
sequent 1st to 3rd bits can represent a particular bit number.
The 4th and 5th bits are a field representing an original sam-
pling frequency.

The 5th and subsequent bytes are not defined by the current
SPDIF specification. Therefore, in the embodiment of the
present invention, the Oth bit of the 3th byte 1s used as a
two-way commumnication bit indicating whether two-way
communication 1s enabled or not. In other words, for
example, when a channel status of a signal transmitted from
the player 10 has a value “1” 1n the Oth bit of the 5th byte, this
means that the AV amplifier 20 can perform two-way com-
munication with the player 10. When a channel status of the
SPDIF normal signal 31 received from the player 10 has a
two-way communication bit of “1”, the AV amplifier 20
responds with the SPDIF opposite signal 32. Thereupon, a
two-way communication sequence starts on the cable 30. On
the other hand, when a channel status of a signal transmitted
from the player 10 has a value “0” 1n the Oth bit of the 5th byte,
this means that the AV amplifier 20 cannot perform two-way
communication with the player 10. It should be noted that the
two-way communication bit 1s an example of two-way 1nfor-
mation recited in claims.

In the embodiment of the present invention, the 1st bit of

the 5th byte can be used as an encryption bit indicating
whether the audio data 1s encrypted or not. In other words, for
example, when a channel status of a signal transmitted from
the player 10 has a value “1” in the 1st bit of the 5th byte, this
means that the audio data transmitted from the player 10 1s
encrypted. On the other hand, when a channel status of a
signal transmitted from the player 10 has a value *“0” in the 1st
bit of the 3th byte, this means that the audio data transmitted
from the player 10 1s not encrypted.

FIG. 8 1s a figure showing a format of user data according,
to the SPDIF specification. The user data i1s obtaimned by
accumulating the 29th time slots of the sub-frames in each
block. As described above, a message of user data 1s struc-
tured 1 units of 8-bit information units (IU), and one message
includes 3 to 129 information units. Messages are delimited
by 8 bits or more of “0”, and the first information umnit 1s
marked with a start bit *“1”.

As shown 1n FIG. 8A, the first information unit includes a

mode and an 1tem. The mode 1s a field representing a class of

a message, and for example, represents preset information

and the like. The 1tem 1s a field for further defiming a type of
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As shown 1n FI1G. 8B, the second information unit includes
the number of information units. Seven bits excluding the first
bit can represent the number of information units 1n the range
of “17to *“127”.

As shown 1n FI1G. 8C, the third information unit includes a
category code. This category code 1s determined by a genera-

tor of the audio data and 1s represented by the first byte of the
channel status of FIG. 7. Since the first bit of the information
unit 1n the user data serves as a start bit, only seven bits are
elfective data. These seven bits correspond to the 8th to 14th
bits of the channel status. An L bit at the 15th bit represents
commercial, prerecorded software, and 1s not included 1n the

message of this user data.

As shown in FIG. 8D, the 4th to 7th information unaits
include three pieces of user information, X, Y, and 7. One byte
(8 bits) 1s allocated to each of the three pieces of user infor-
mation. Therefore, 1n the embodiment of the present mnven-
tion, an information communication frame may be newly
defined within the user data, so that the type of information 1s
represented by the user information X, and actual data can be
transmitted by the user information Y and Z 1n either direc-
tion.

Next, a specific example of a system using the two-way
communication according to the embodiment of the present
invention will be described with reference to the drawings.

FIG. 9 1s an exemplary configuration diagram showing an
interface for transmitting and receiving an information coms-
munication frame in two ways according to the embodiment
of the present invention. In this example, a player 610 and an
AV amplifier 620 are connected via a cable 630. An amplify-
ing device 611, an operation device 612, an amplifying device
613, an output terminal 614, and an input terminal 615 of the
player 610 respectively correspond to the amplifying device
11, the operation device 12, the amplitying device 13, the
output terminal 14, and the mput terminal 135. Further, an
amplifying device 621, an operation device 622, an amplify-
ing device 623, an output terminal 624, and an input terminal
625 of the AV amplifier 620 respectively correspond to the
amplifving device 21, the operation device 22, the amplitying
device 23, the output terminal 24, and the input terminal 25.

The player 610 has a normal signal transmission unit 616
for transmitting a normal signal to the output terminal 614 and
an opposite signal reception umt 617 for receiving an oppo-
site signal from the input terminal 615. The player 610 trans-
mits user data UA to the AV amplifier 620. On the other hand,
the player 610 recerves user data UB from the AV amplifier
620.

The AV amplifier 620 has a normal signal transmission unit
626 for transmitting a normal signal to the output terminal
624 and an opposite signal reception unit 627 for recerving an
opposite signal from the input terminal 625. The AV amplifier
620 transmuits the user data UB to the player 610. On the other
hand, the AV amplifier receives the user data UA from the
player 610.

As described above, 1n the embodiment of the present
invention, the player 610 and the AV amplifier 620 are
arranged with the operation devices 612 and 622, respec-
tively, which subtract the transmission signal from the signal
on the cable 630, so that the reception signal from another
apparatus can be extracted.

FIG. 101s afigure showing a system configuration example
using the interface according to the embodiment of the
present invention. In this system configuration example, the
player 10 and the AV amplifier 20 are connected via the cable
30, and the AV amplifier 20 and a television receiver appara-
tus 40 are connected via a cable 50.
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In the connection relationship between the player 10 and
the AV amplifier 20, the player 10 serves as the source appa-
ratus, and the AV amplifier 20 serves as the sink apparatus. In
the connection relationship between the AV amplifier 20 and
the television receiver apparatus 40, the AV amplifier 20
serves as the source apparatus, and the television recerver

apparatus 40 serves as the sink apparatus.

The cable 30 carries the SPDIF normal signal 31 in the
normal direction from the player 10 to the AV amplifier 20
and the SPDIF opposite signal 32 1n the opposite direction
from the AV amplifier 20 to the player 10. The cable 50 carries
an SPDIF normal signal 51 1n a normal direction from the AV
amplifier 20 to the television receiver apparatus 40 and an
SPDIF opposite signal 52 in an opposite direction from the
television receiver apparatus 40 to the AV amplifier 20.

In the connection as described above, the audio signal 1s
transmitted as a normal signal from the player 10 via the AV
amplifier 20 to the television receiver apparatus 40. In the
embodiment of the present invention, the opposite signal can
be transmitted from the television receiver apparatus 40 via
the AV amplifier 20 to the player 10. Therefore, for example,
a remote control operation signal of the television recerver
apparatus 40 may be transmitted as an opposite signal, so that
apparatus controls such as power-on/standby, reproduce/
stop, and fast-forward can be performed on the player 10. In
addition, information about titles of music can be obtained.

FIG. 11 1s a figure showing an exemplary clock transmis-
s1on using the interface according to the embodiment of the
present mvention. Herein, an AV system 1s assumed which
includes a player 710 and an AV amplifier 720 which are
connected via a cable 730. Herein, an interface section 1s not
explicitly described, but the AV system 1s assumed to have the
same configuration as 1n FIG. 2.

The player 710 includes an internal clock generation cir-
cuit 711, a clock component restructuring circuit 712, a clock
switching device 713, a control microcomputer 714, a record-
ing medium access unit 715, and a decoding unit 716.

The internal clock generation circuit 711 1s a circuit for
generating a clock signal within the player 710. This internal
clock generation circuit 711 generates a clock signal using an
oscillated amplitude voltage of an oscillator such as a crystal
oscillator (crystal).

The clock component restructuring circuit 712 1s a circuit
for restructuring a clock component based on the SPDIF
opposite signal supplied by the AV amplifier 720 to a signal
line 718. Specifically, this clock component restructuring
circuit 712 mncludes a PLL (Phase Locked Loop) circuit, and
generates a clock signal that has the same phase and fre-
quency as the SPDIF opposite signal supplied from the AV
amplifier 720.

The clock switching device 713 1s a circuit for switching,
the output clock by selecting any one of the clock generated
by the internal clock generation circuit 711 and the clock
restructured by the clock component restructuring circuit
712.

The control microcomputer 714 1s a microcomputer for
controlling operation of the player 710. When this control
microcomputer 714 detects that the clock component 1s
restructured by the clock component restructuring circuit
712, the control microcomputer 714 instructs the clock
switching device 713 to select the clock from the clock com-
ponent restructuring circuit 712.

The recording medium access unit 715 1s a circuit for
reading a video signal and an audio signal from a recording,
medium 717 1n accordance with the clock output from the
clock switching device 713.
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In accordance with the clock output from the clock switch-
ing device 713, the decoding unit 716 decodes the video
signal and the audio signal read by the recording medium
access unit 7135. The signal decoded by this decoding unit 716
1s transmitted as an SPDIF normal signal from a signal line
719 to the AV amplifier 720.

The AV amplifier 720 receives a signal supplied to a signal
line 728 from the player 710, and amplifies the audio signal of
the recerved signal. This AV amplifier 720 includes an inter-
nal clock generation circuit 721, a clock component restruc-
turing circuit 722, a clock switching device 723, a control
microcomputer 724, a latch 725, a D/A converting device
726, and an opposite signal transmission unit 727.

The mternal clock generation circuit 721 1s a circuit for
generating a clock signal within the AV amplifier 720. This
internal clock generation circuit 721 generates a clock signal
using an oscillated amplitude voltage of an oscillator such as
a crystal oscillator (crystal) 1n a stmilar manner to the internal
clock generation circuit 711.

The clock component restructuring circuit 722 1s a circuit
for restructuring a clock component based on the SPDIF
opposite signal supplied by the player 710 to a signal line 728.
This clock component restructuring circuit 722 is realized
with a PLL circuitin a similar manner to the clock component
restructuring circuit 712, and generates a clock signal that has
the same phase and frequency as the SPDIF normal signal
supplied from the player 710.

The clock switching device 723 1s a circuit for switching,
the output clock by selecting any one of the clock generated
by the internal clock generation circuit 721 and the clock
restructured by the clock component restructuring circuit
722.

The control microcomputer 724 1s a microcomputer for
controlling operation of the AV amplifier 720. When the Oth
bit of the Sth byte of the channel status (FI1G. 7) indicates that
the opposite-way communication 1s enabled, the control
microcomputer 724 causes the clock switching device 723 to
select the clock generated by the internal clock generation
circuit 721. On the other hand, when it indicates that the
opposite-way communication 1s disabled, the control micro-
computer 724 causes the clock switching device 723 to select
the clock restructured by the clock component restructuring
circuit 722.

The latch 723 stores a signal supplied to the signal line 728
by the player 710. The D/A converting device 726 converts
the digital signal stored 1n the latch 725 into an analog signal.
An audio signal of the thus converted analog signal 1s ampli-
fied by an amplifying unit of a subsequent stage (not shown).
The latch 725 and the D/A converting device 726 operate 1n
accordance with the clock supplied from the clock switching
device 723.

The opposite signal transmission unit 727 transmits the
clock supplied by the clock switching device 723 via a signal
line 729 to the player 710. This clock 1s transmitted as the
SPDIF opposite signal via the cable 730, and 1s supplied via
the signal line 718 to the clock component restructuring cir-
cuit 712. This SPDIF opposite signal includes a clock com-
ponent generated within the AV amplifier 720. Since the
SPDIF opposite signal 1s transmitted upon being modulated
by bi-phase mark modulation, the clock component 1s always
transmitted from the AV amplifier 720 to the player 710 even
when the SPDIF opposite signal does not carry any sound.
Therefore, 1n this example, 1t 1s not necessary for the SPDIF
opposite signal to include effective audio signal.

According to this configuration example, the clock signal
generated by the AV amplifier 720 1s transmitted to the player
710, and the video signal and the audio signal can be trans-
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mitted from the player 710 to the AV amplifier 720 1n accor-
dance with the transmitted clock signal. Therefore, the player
710 can operate using the internal clock of the AV amplifier
720 as a master clock, thus being able to achieve a so-called
ntterless reproduction. Accordingly, a buffer used for adjust-
ing the speed can be omitted from the AV amplifier 720.
Further, when attention 1s directed to the accuracy of the clock
generated by each apparatus, an AV amplifier generally tends
to have a higher accuracy of clock than a player. Therefore,
the reproduction quality of audio signal can be improved by
causing the player 710 to operate using the clock of the AV
amplifier 720 as the master clock.

FIG. 12 1s a figure showing an exemplary sequence of an
authentication processing that can be achieved by the two-
way communication according to the embodiment of the
present invention. This authentication processing 1s called
AKE (Authentication and Key Exchange) processing in Digi-
tal Transmission Content Protection (DTCP) specification,
and prior to exchange of digital data, a key for encryption and
decryption 1s exchanged upon authenticating a sink apparatus
1 to determine that the sink apparatus 1 can appropnately
handle copy control information. Then, the digital data are
encrypted by a source apparatus 2, and the encrypted digital
data are decrypted by the sink apparatus 1. Therefore, protec-
tion of digital contents 1s ensured in the sink apparatus 1, and
the digital contents are prevented from being stolen by other
apparatuses.

When the authentication processing 1s performed, the sink
apparatus 1 first starts the processing so that the processing 1s
not performed redundantly. First, the sink apparatus 1 checks
the state of the source apparatus 2 using an AKE status com-
mand 1001. As a result, when the sink apparatus 1 obtains
from the source apparatus 2 an AKE status response 2001 to
the effect that the source apparatus 2 1s ready for reception,
the sink apparatus 1 i1ssues a CHALLENGE sub-function
1002 attached with a random number and a certificate. This
certificate 1s 1ssued to each apparatus by Digital Transmission
Licensing Administrator (DTLA), an administrative mecha-
nism of DTCP. The source apparatus 2 authenticates the cer-
tificate sent from the sink apparatus 1, and returns the result
thereot as a response 2002 to the sink apparatus 1. Then, the
source apparatus 2 performs the same procedure from the side
of the source apparatus 2 (2003, 1003, 2004, 1004).

Subsequently, the source apparatus 2 calculates a predeter-
mined numerical value based on the random number received
from the sink apparatus 1, and responds a RESPONSE sub-
tfunction 20035 to the sink apparatus 1. Similarly, the sink
apparatus 1 calculates a predetermined numerical value based
on the random number recerved from the source apparatus 2,
and responds a RESPONSE sub-function 1006 to the source
apparatus 2. Each of the apparatuses having received the
RESPONSE sub-function 2005 or 1006 performs the authen-
tication processing.

Then, the source apparatus 2 transmits an exchange key
with an EXCHANGE KEY sub-function 2007. When the
sink apparatus 1 transmits a CONTENT_KEY_REQ sub-
function 2010 to request a seed for calculating a content key,
the source apparatus 2 transmits the seed with a response
1010. Therefore, the sink apparatus 1 calculates the content
key based on the exchange key and the seed. As described
above, the copy control information on contents includes four
types, 1.€., COpY never, Copy one generation, no more copy,
and copy free, among which only the first three require
encryption. Three types of content keys are arranged for the
first three, respectively.

In SRM sub-functions 1008 and 2008, an SRM (System

Renewability Message) 1s exchanged. This SRM 1s
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exchanged 1n order to transmit an updated message only to
authentic apparatuses so as to avoid authenticating non-au-
thentic apparatuses. An apparatus having received this SRM
sub-function performs an authentication processing to con-
firm that the received SRM 1s not incorrect.

In the embodiment of the present invention, the authenti-
cation for the above copyright protection and the key
exchange can be performed by using the user information X
to Z of the user data as shown in FIG. 8D. Further, whether
encrypted or not can be defined by the 1st bit of the 5th byte
of the channel status as shown 1n FIG. 7. Therefore, 1n con-
trast to the conventional SPDIF specification, secure trans-
mission can be achieved by transmitting the audio data upon
encrypting the audio data.

It should be noted that the above example 1s a procedure
called full authentication, 1n which all of the three types of
keys are exchanged. In contrast, in a more simplified proce-
dure called restricted authentication, only one key 1is
exchanged. In this restricted authentication, the authentica-
tion processings can be performed 1n about half of the time 1t
takes to perform the full authentication. Further, in the expla-

nation of this example, copyright protection i1s provided by
DTCP, but the present invention 1s not limited thereto. For
example, HDCP (High-bandwidth Digital Content Protection
system) may be used.

FIG. 13 1s a figure showing an exemplary decoding pro-
cessing using the interface according to the embodiment of
the present invention. In this example, a player 810 and an AV
amplifier 820 are connected via a cable 830. An amplifying
device 811, an operation device 812, an amplifying device
813, an output terminal 814, and an mput terminal 815 of the
player 810 respectively correspond to the amplifying device
11, the operation device 12, the amplitying device 13, the
output terminal 14, and the mput terminal 135. Further, an
amplifying device 821, an operation device 822, an amplify-
ing device 823, an output terminal 824, and an input terminal
8235 of the player 820 respectively correspond to the ampli-
tying device 21, the operation device 22, the amplifying
device 23, the output terminal 24, and the input terminal 25.

The player 810 has a normal signal transmission unit 816
for transmitting a normal signal to the output terminal 814 and
an opposite signal reception umt 817 for receiving an oppo-
site signal from the input terminal 815. The player 810 trans-
mits an encoded signal to the AV amplifier 820. On the other
hand, the player 810 receives a decoded signal from the AV
amplifier 820.

The AV amplifier 820 has a normal signal reception unit
827 for receiving the encoded signal from the mput terminal
8235, a decoding unit 828 for decoding the encoded signal and
generating a decoded signal, and an opposite signal transmis-
s1on unit 826 for transmitting the decoded signal to the output
terminal 824. The AV amplifier 820 receives the encoded
signal from the player 810. Further, the encoded signal 1s
decoded by the decoding unit 828, and the decoded signal 1s
transmitted to the player 810. The decoded signal 1s carried by
the SPDIF opposite signal on the cable 30.

As described above, 1n the embodiment of the present
invention, the encoded signal transmitted from the player 810
1s decoded by the AV amplifier 820, and the decoded signal 1s
returned back to the player 810, so that the decoding can be
performed using the decoding unit 828 of the AV amplifier
820. For example, when a decoding unit (not shown) of the
player 810 1s of an obsolete version and 1s unable to decode an
encoded signal, the encoded signal can be decoded using the
decoding unit 828 of the AV amplifier 820, and the decoded

signal can be returned back to the player 810.
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FIG. 14 1s a figure showing an exemplary multi-track
recording processing using the interface according to the
embodiment of the present invention. In this example, a
recorder 840 and a converting device 850 are connected via a
cable 860. An amplifying device 841, an operation device
842, an amplitying device 843, an output terminal 844, and an
input terminal 845 of the recorder 840 respectively corre-
spond to the amplitying device 11, the operation device 12,
the amplitying device 13, the output terminal 14, and the
input terminal 15. Further, an amplifying device 831, an
operation device 852, an amplifying device 853, an output
terminal 854, and an mput terminal 8355 of the converting
device 850 respectively correspond to the amplifying device
21, the operation device 22, the amplifying device 23, the
output terminal 24, and the input terminal 25.

The recorder 840 has a reproducing unit 846 for transmit-
ting a reproduced signal to the output terminal 844 and a
recording unit 847 for receiving a recording signal from the
input terminal 845. The recorder 840 transmits the repro-
duced signal to the converting device 8350. Further, the
recorder 840 receives the recording signal from the convert-
ing device 850.

The converting device 850 has a D/A converting device
857 for recerving the reproduced signal from the mnput termi-
nal 855 and converting the reproduced digital signal mto an
analog signal and an A/D converting device 856 for convert-
ing an analog signal mput from the outside into a digital
signal. The D/A converting device 8357 1s connected to a
speaker 871, and the analog signal converted by the D/A
converting device 857 1s output as audio to the speaker 871.
The A/D converting device 856 1s connected to a microphone
872, and the audio mput to the microphone 872 1s converted
by the A/D converting device 856 1nto a digital signal, which
1s supplied to the output terminal 8354. The A/D converting
device 856 and the D/A converting device 857 operate 1n

accordance with a common clock generated by a clock gen-
eration circuit 858.

As described above, 1n the embodiment of the present
invention, the audio output from the speaker 871 and the
audio 1mnput to the microphone 872 can be controlled by the
common clock generated by the clock generation circuit 858.
Further, the audio input to the microphone 872 1s converted
into a digital signal, which 1s transmitted as a recording sig-
nal, so that the reproduced signal and the recording signal can
be synchronized. In this case, the reproduced signal is trans-
mitted, as the SPDIF normal signal on the cable 860, {from the
recorder 840 to the converting device 8350, whereas the
recording signal 1s transmitted, as the SPDIF opposite signal
on the cable 860, from the converting device 850 to the
recorder 840.

Next, an applied example will be explained, 1n which the
interface according to the embodiment of the present mven-
tion 1s applied to a cable according to HDMI (High-definition
Multimedia Interface) specification (HDIM 1s a registered
trademark).

FIG. 15 1s a schematic configuration diagram showing an
interface according to the HDMI specification. In the HDMI
specification, the transmission direction of a fundamental,
fast transmission line 1s defined to be 1n one direction, and an
apparatus on transmitting side 1s called a source apparatus,
whereas an apparatus on recerving side 1s called a sink appa-
ratus. In this example, a source apparatus 100 and a sink
apparatus 200 are connected via an HDMI cable 300. Further,
the source apparatus 100 includes a transmitter 101 for per-
forming transmission operation, and the sink apparatus 200

includes a receiver 201 for performing recerving operation.
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A serial transmission method called TMDS (Transition
Mimimized Differential Signaling) 1s used for the transmis-
sion between the transmitter 101 and the recerver 201. In the
HDMI specification, a video signal and an audio signal are
transmitted using three TMDS channels 310 to 330. In an
clfective 1mage section, 1.e., a section between a certain ver-
tical synchronization signal and a subsequent vertical syn-
chronization signal but excluding a horizontal retrace section
and a vertical retrace section, differential signals correspond-
ing to pixel data of one screen of non-compressed 1mage are
transmitted 1n one way toward the sink apparatus 200 through
the TMDS channels 310 to 330. In a horizontal retrace section
and a vertical retrace section, diflerential signals correspond-
ing to audio data, control data, other supplemental data, or the
like are transmitted 1n one way toward the sink apparatus 200
through the TMDS channels 310 to 330.

Further, in the HDMI specification, a clock signal 1s trans-
mitted by a TMDS clock channel 340. Each of the TMDS
channels 310 to 330 can transmit 10 bits of pixel data while
one clock 1s transmitted by the TMDS clock channel 340.

Further, 1n the HDMI specification, a display data channel
(DDC) 350 15 arranged. The display data channel 350 1s used
by the source apparatus to read E-EDID (Enhanced Extended
Display Identification Data) information of the sink apparatus
200. When the sink apparatus 200 1s a display apparatus, the
E-EDID information represents information about settings
and performance such as model of apparatus, resolution,
color property, and timing. The E-EDID information 1s stored
in an E-EDID ROM 202 of the sink apparatus 200. Although

not shown, the source apparatus 100 can store the E-EDID
information 1n a similar manner to the sink apparatus 200, and

can transmit the E-EDID information to the sink apparatus
200 as necessary.

Further, 1n the HDMI specification, a CEC (Consumer
Electronics Control) line 361, areserve line 362, an HPD (Hot
Plug Detect) line 363, and the like are arranged. The CEC line
361 1s a line for performing two-way communication ol an
apparatus control signal. In contrast to the display data chan-
nel 350 connecting apparatuses one-to-one, this CEC line 361
directly connects to all of the apparatuses connected to the

HDMLI.

The reserve line 362 1s a line not used 1n the HDMI speci-
fication. The HPD line 363 is a line for detecting connection
with another apparatus (hot plug) via an HDMI cable. In the
embodiment of the present invention, the reserve line 362 and
the HPD line 363 are assumed to be used to transmit an
Ethernet (registered trademark) signal, an SPDIF normal sig-
nal, and an SPDIF opposite signal.

FIG. 16 1s a figure showing an exemplary pin arrangement
of a connector according to the HDMI specification. This
figure shows each of pin numbers 301 and names of corre-
sponding signals 302 1n a pin arrangement called type A.

Each of the TMDS channels 310 to 330 and the TMDS
clock channel 340 includes three pins, 1.e., positive electrode,
shield, and negative electrode. The 1st to 3rd pins correspond
to the TMDS channel 330, the 4th to 6th pins correspond to
the TMDS channel 320, the 7th to 9th pins correspond to the
TMDS channel 310, and the 10th to 12th pins correspond to
the TMDS clock channel 340.

Further, the 13th pin corresponds to the CEC line 361, the
14th pin corresponds to the reserve line 362, and the 19th pin
corresponds to the HPD line 363. Further, the display data
channel 350 includes three pins, 1.e., serial clock (SCL), serial
data (SDA), and ground, which respectively correspond to the

15th to 17th pins. It should be noted that the ground (the 17th
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pin) of the display data channel 350 1s shared with the ground
of the CEC line 361. The 18th pin corresponds to a power
supply line (+5 V).

FI1G. 17 1s a figure showing an exemplary internal configu-
ration of the source apparatus 100 and the sink apparatus 200
according to the embodiment of the present invention.
Herein, configuration of the reserve line 362 and the HPD line
363, which 1s an essential portion of the embodiment of the
present 1nvention, 1s shown. The source apparatus 100
includes a sink apparatus model detection circuit 110, a plug
connection detection circuit 120, a source side transmission/
reception circuit 140, an SPDIF transmission/reception cir-
cuit 170, and an Ethernet (registered trademark) transmis-
s1on/reception circuit 160. The sink apparatus 200 includes a
source apparatus model detection circuit 210, a plug connec-
tion transmission circuit 220, a sink side transmission/recep-
tion circuit 250, an SPDIF transmission/reception circuit 270,
and an Fthernet (registered trademark) transmission/recep-
tion circuit 260.

The reserve line 362 1s a line not used 1n the HDMI speci-
fication as described above, but herein the reserve line 362 1s
used to detect a model of a connected apparatus 1n order to

eificiently make use of the pin. In other words, the sink
apparatus model detection circuit 110 of the source apparatus
100 detects the model of the sink apparatus 200 via the
reserve line 362. Further, the source apparatus model detec-
tion circuit 210 of the sink apparatus 200 detects the model of
the source apparatus 100 via the reserve line 362. A model of
an apparatus assumed here 1s, for example, an apparatus using
the reserve line 362 and the HPD line 363 according to the
extended HDMI specification to transmit an Ethernet (regis-
tered trademark) signal in two ways (hereinaiter referred to as
extended HDMI model).

The HPD line 363 1s a line for detecting connection with
another apparatus viaan HDMI cable as described above. The
plug connection transmission circuit 220 of the sink appara-
tus 200 applies a bias of a predetermined voltage to a terminal
connected to the HPD line 363 so as to notily that the sink
apparatus 200 1s connected. The plug connection detection
circuit 120 of the source apparatus 100 compares a reference
potential with the potential of a terminal connected to the
HPD line 363 so as to detect the connection of the sink
apparatus 200.

In the embodiment of the present invention, the source side
transmission/reception circuit 140 and the sink side transmis-
s1on/reception circuit 250 are connected to the reserve line
362 and the HPD line 363 having the functions as described
above. In other words, the source side transmission/reception
circuit 140 of the source apparatus 100 1s connected to the
reserve line 362 and the HPD line 363 via capacitors 131 and
132 and a resistor 133. The sink side transmission/reception
circuit 250 of the sink apparatus 200 1s connected to the
reserve line 362 and the HPD line 363 via capacitors 231 and
232 and a resistor 233.

The source side transmission/reception circuit 140 con-
nects an Ethernet (registered trademark) signal, transmitted in
two ways using the reserve line 362 and the HPD line 363, to
the Ethernet (registered trademark) transmission/reception
circuit 160, and also connects an SPDIF signal, transmitted 1n
two ways using the reserve line 362 and the HPD line 363, to
the SPDIF transmission/reception circuit 170.

The sink side transmission/reception circuit 250 connects
an Ethernet (registered trademark) signal, transmitted 1n two
ways using the reserve line 362 and the HPD line 363, to the
Ethernet (registered trademark) transmission/reception cir-
cuit 260, and also connects an SPDIF signal, transmitted 1n
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two ways using the reserve line 362 and the HPD line 363, to
the SPDIF transmission/reception circuit 270.

The Ethernet (registered trademark) transmission/recep-
tion circuits 160 and 260 are circuits for transmitting and
receiving Ethernet (registered trademark) signals, and for
example, perform two-way communication according to the
Internet Protocol (IP). In this case, a TCP (Transmission
Control Protocol) and a UDP (User Datagram Protocol) may
be used 1n a higher-layer of the Internet Protocol (IP). These
Ethernet (registered trademark) transmission/reception cir-
cuits 160 and 260 can be achieved by the conventional art.

The SPDIF transmission/reception circuits 170 and 270
transmit and recerve SPDIF signals 1n two ways according to
the embodiment of the present invention. Since the SPDIF
signal 1s made 1nto two-way communication by the source
side transmission/reception circuit 140 and the sink side
transmission/reception circuit 250, a conventional transmis-
s1on/reception circuit according to the SPDIF specification

can be used as the SPDIF transmission/reception circuits 170
and 270.

FIG. 18 1s a figure showing an exemplary configuration of
the source side transmission/reception circuit 140 and the
sink side transmission/reception circuit 250 according to the
embodiment of the present invention.

As shown 1n FIG. 18A, the sink side transmission/recep-
tion circuit 250 includes amplitying devices 510, 520, 530,
550,581, and 582, an inverter 341, and operation devices 542,
560, 571, 572, and 583.

The amplifying device 510 amplifies a signal supplied
from the Ethernet (registered trademark) transmission/recep-
tion circuit 260 via signal lines 511 and 512. A signal on the
signal lines 511 and 512 i1s a differential signal, and the
amplifying device 510 operates according to a differential
input.

The amplifying device 520 amplifies the output of the
amplifying device 510. The output of the amplifying device
520 1s a differential signal, such that a positive signal 1s
supplied to the operation device 571, whereas a negative
signal 1s supplied to the operation device 572.

The amplifying device 530 amplifies a signal from the
reserve line 362 and the HPD line 363. The signal on the
reserve line 362 and the HPD line 363 1s a differential signal,
and the amplitying device 530 operates according to a differ-
ential 1nput.

The mnverter 541 1s a circuit for iverting the output of the
amplifying device 510. The operation device 542 1s a circuit
for adding the output of the inverter 541 and the output of the
amplifying device 530. In other words, the inverter 341 and
the operation device 542 obtain a signal by removing the
output signal of the sink apparatus 200 from the signal on the
reserve line 362 and the HPD line 363, and input the obtained
signal to the amplitying device 5350.

The amplifying device 550 amplifies the output of the
amplifving device 542. The output of this amplifying device
550 1s a differential signal, such that a positive signal 1is
supplied to a signal line 558, whereas a negative signal 1s
supplied to a signal line 559. The signal lines 558 and 559 are
connected to the Ethernet (registered trademark) transmis-
sion/reception circuit 260. The Ethernet (registered trade-
mark) transmission/reception circuit 260 1s supplied with a
signal obtained by removing the output signal of the sink
apparatus 200 from the signal on the reserve line 362 and the
HPD line 363.

The amplitying device 581 amplifies the signal supplied
from the SPDIF transmission/reception circuit 270 via the
signal line 568.




US 8,711,908 B2

17

The operation device 571 1s a circuit for adding the output
of the amplitying device 581 and the positive output of the
amplifyving device 520. The operation device 572 1s a circuit
for adding the output of the amplifying device 581 and the
negative output of the amplifying device 520.

Therefore, although the Ethernet (registered trademark)
signal output from the amplifying device 520 1s the differen-
tial signal, the SPDIF signal multiplexed by the operation
devices 371 and 572 1s a common-mode signal. Therefore,
both of the FEthernet (registered trademark) signal and the
SPDIF signal can be transmitted via the same pair of signal
lines (the reserve line 362 and the HPD line 363).

The operation device 560 1s a circuit for adding the outputs
of the reserve line 362 and the HPD line 363. The operation
device 583 1s a circuit for adding the output of the operation
device 560 and the 1inverted output of the amplifying device
581.

The amplitying device 382 amplifies the output of the
operation device 583. The output of this amplifying device
582 1s supplied to the SPDIF transmission/reception circuit
270 via a signal line 569.

Theretfore, the operation device 583 subtracts the signal
supplied by the amplifying device 581 from the SPDIF signal
multiplexed by the operation devices 571 and 572, so that the
signal from the source side transmission/reception circuit 140
can be supplied to the signal line 569.

As shown 1n FIG. 18B, the source side transmission/recep-
tion circuit 140 includes amplifying devices 410, 420, 430,
450, 481, and 482, an inverter 441, and operation devices 442,
460, 471, 472, and 483.

The amplifying device 410 amplifies a signal supplied
from the Ethernet (registered trademark) transmission/recep-
tion circuit 160 via signal lines 411 and 412. A signal on the
signal lines 411 and 412 1s a differential signal, and the
amplifying device 410 operates according to a differential
input.

The amplitying device 420 amplifies the output of the
amplifving device 410. The output of the amplifying device
420 1s a differential signal, such that a positive signal is
supplied to the operation device 471, whereas a negative
signal 1s supplied to the operation device 472.

The amplifying device 430 amplifies a signal from the
reserve line 362 and the HPD line 363. The signal on the
reserve line 362 and the HPD line 363 1s a differential signal,
and the amplitying device 430 operates according to a differ-
ential iput.

The mverter 441 1s a circuit for inverting the output of the
amplifying device 410. The operation device 442 1s a circuit
tor adding the output of the inverter 441 and the output of the
amplifying device 430. In other words, the inverter 441 and
the operation device 442 obtain a signal by removing the
output signal of the source apparatus 100 from the signal on
the reserve line 362 and the HPD line 363, and input the
obtained signal to the amplifying device 450.

The amplifying device 450 amplifies the output of the
amplifving device 442. The output of the amplifying device
450 1s a differential signal, such that a positive signal i1s
supplied to a signal line 458, whereas a negative signal 1s
supplied to a signal line 459. The signal lines 458 and 459 are
connected to the Ethernet (registered trademark) transmis-
sion/reception circuit 160. The Ethernet (registered trade-
mark) transmission/reception circuit 160 1s supplied with a
signal obtained by removing the output signal of the source
apparatus 100 from the signal on the reserve line 362 and the

HPD line 363.
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The amplifying device 481 amplifies the signal supplied
from the SPDIF transmission/reception circuit 170 via the
signal line 468.

The operation device 471 1s a circuit for adding the output
of the amplilying device 481 and the positive output of the
amplifying device 420. The operation device 472 1s a circuit
for adding the output of the amplitying device 481 and the
negative output of the amplifying device 420.

Therefore, although the Ethernet (registered trademark)
signal output from the amplifying device 420 1s the differen-
tial signal, the SPDIF signal multiplexed by the operation
devices 471 and 472 1s a common-mode signal. Therefore,
both of the Ethernet (registered trademark) signal and the
SPDIF signal can be transmitted via the same pair of signal
lines (the reserve line 362 and the HPD line 363).

The operation device 460 1s a circuit for adding the outputs
of the reserve line 362 and the HPD line 363. The operation
device 483 1s a circuit for adding the output of the operation
device 460 and the 1mverted output of the amplifying device
481.

The amplifying device 482 amplifies the output of the
operation device 483. The output of the amplifying device
482 1s supplied to the SPDIF transmission/reception circuit
170 via a signal line 469.

Therefore, the operation device 483 subtracts the signal
supplied by the amplifying device 481 from the SPDIF signal
multiplexed by the operation devices 471 and 472, so that the
signal from the sink side transmission/reception circuit 250
can be supplied to the signal line 469.

The amplifying devices 420 and 520 are an example of a
first transmission umt recited in claims. The operation
devices 442 and 542 are an example of an extraction unit
recited 1n claims. The operation devices 471, 472, 571, and
572 are an example of a second transmission umt recited 1n
claims. The operation devices 483 and 583 are an example of
a second extraction unit recited 1n claims.

FIG. 19 15 a figure schematically showing operation 1n an
applied example according to the embodiment of the present
invention. In the applied example of the embodiment of the
present ivention, as described above, the reserve line 362
and the HPD line 363 are used to transmit the Ethernet (reg-
istered trademark) signal as the differential signal, and the
same lines are used to transmait the SPDIF signal (the SPDIF
normal signal and the SPDIF opposite signal) as the common-
mode signal.

Operation of the above-described applied example accord-
ing to the embodiment of the present invention 1s as shown 1n
the same figure. As described above, the 14th pin corresponds
to the reserve line 362, and the 19th pin corresponds to the
HPD line 363. When none of the Ethernet (registered trade-
mark) signal and the SPDIF signal 1s transmitted, operation 1s
in accordance with a conventional HDMI specification. When
the Ethernet (registered trademark) signal 1s transmitted, the
positive signal of the Ethernet (registered trademark) signal 1s
multiplexed to the 14th pin, and the negative signal of the
Ethernet (registered trademark) signal 1s multiplexed to the
19th pin. When the SPDIF signal 1s transmitted, the positive
signal of the SPDIF si1gnal 1s multiplexed to the 14th and 19th
pins. When both of the Ethernet (registered trademark) signal
and the SPDIF signal are transmitted, the positive signal of
the Ethernet (registered trademark) signal and the positive
signal ol the SPDIF si1gnal are multiplexed to the 14th pin, and
the negative signal of the Ethernet (registered trademark)
signal and the positive signal of the SPDIF signal are multi-
plexed to the 19th pin.

Therefore, the Ethernet (registered trademark) signal and
the SPDIF si1gnal can be transmitted independently from each
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other through the reserve line 362 and the HPD line 363. Even
when both of the signals are transmitted or only one of the
signals 1s transmitted, they are supported without any special
mechanism arranged on a receiving side (the source side
transmission/reception circuit 140).

FI1G. 20 1s a figure showing an exemplary configuration of
the sink apparatus model detection circuit 110 and the source
apparatus model detection circuit 210 according to the
applied example of the embodiment of the present invention.

As shown 1in FIG. 20A, the sink apparatus model detection
circuit 110 has resistors 111 and 112, a capacitor 113, and a
comparator 116. The resistor 111 1s arranged to pull up the
reserve line 362 to +5 V. The resistor 111 1s arranged only
when the source apparatus 100 1s a particular model (for
example, extended HDMI model). The pull-up 1s not per-
formed when the source apparatus 100 1s not the particular
model. The resistor 112 and the capacitor 113 constitute a
low-pass filter. The output of this low-pass filter 1s supplied to
a signal line 114. The comparator 116 compares a direct-
current potential supplied from the low-pass filter to the sig-
nal line 114 with a reference potential given to a signal line
115.

As shown 1n FIG. 20B, the source apparatus model detec-
tion circuit 210 has resistors 211 and 212, a capacitor 213, and
a comparator 216. The resistor 211 1s arranged to pull down
the reserve line 362 to the ground potential. This resistor 211
1s arranged only when the sink apparatus 200 1s a particular
model. The pull-down 1s not performed when the sink appa-
ratus 200 1s not the particular model. The resistor 212 and the
capacitor 213 constitute a low-pass filter. The output of this
low-pass filter 1s supplied to a signal line 215. The comparator
216 compares a direct-current potential supplied from the
low-pass filter to the signal line 215 with a reference potential
given to a signal line 214.

When the sink apparatus 200 1s the particular model, the
resistor 211 pulls down the potential of the reserve line 362 to
2.5 V. When the sink apparatus 200 1s not the particular
model, the circuit 1s opened and the potential of the reserve
line 362 becomes 5 V. Therelore, for example, when the
reference potential of the signal line 1135 1s configured to be
3.75V, the source apparatus 100 can distinguish the model of
the sink apparatus 200 based on the output of the signal line
117.

In a stmilar manner, when the source apparatus 100 1s the
particular model, the resistor 111 pulls up the potential of the
reserve line 362 to 2.5 V. When the source apparatus 100 1s not
the particular model, the potential of the reserve line 362
becomes 0 V. Therefore, for example, when the reference
potential of the signal line 214 1s configured to be 1.25V, the
sink apparatus 200 can distinguish the model of the source
apparatus 100 based on the output of the signal line 217.

Since these signals for detecting the model are transmatted
by a direct-current bias potential, these signals do not ait

ect
the Ethernet (registered trademark) signal or the SPDIF sig-
nal transmitted 1n alternating current.

FIG. 21 1s a figure showing an exemplary configuration of
the plug connection detection circuit 120 and the plug con-
nection transmission circuit 220.

As shown 1 FIG. 21A, the plug connection transmission
circuit 220 has a choke coil 221 and resistors 222 and 223.
The choke coil 221 and the resistors 222 and 223 apply, for
example, a bias of about 4 V to the HPD line 363.

As shown 1n FIG. 21B, the plug connection detection cir-
cuit 120 includes resistors 121 and 122, a capacitor 123, and
a comparator 126. The resistor 121 1s arranged to pull down
the HPD line 363 to the ground potential. The resistor 122 and
the capacitor 123 constitute a low-pass filter. The output of
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this low-pass filter 1s supplied to a signal line 124. The com-
parator 126 compares a direct-current potential supplied from
the low-pass filter to the signal line 124 with a reference
potential given to a signal line 125.

Herein, for example, the reference potential of 1.4 V 1s
assumed to be given to the signal line 125. When the source
apparatus 100 1s not connected to the HPD line 363, the input
potential 1s pulled down by the resistor 121, so that the poten-
tial of the signal line 124 becomes lower than the reference
potential of the signal line 125. On the other hand, when the
source apparatus 100 1s connected to the HPD line 363, the
bias of 4 V 1s applied, so that the potential of the signal line
124 becomes higher than the reference potential of the signal
line 125. Therelfore, the source apparatus 100 can detect
whether the sink apparatus 200 1s connected or not based on
the output of the signal line 127.

Since these signals for detecting the plug connection are
transmitted by a direct-current bias potential, these signals do
not affect the FEthernet (registered trademark) signal or the
SPDIF signal transmitted in alternating current.

Therefore, according to this applied example, two-way
communication can be performed with the SPDIF normal
signal and the SPDIF opposite signal even on the cable
according to the HDMI specification.

As described above, according to the embodiment of the
present invention, the operation device 12 adds the inverted
signal of the output signal of the player 10 to the signal on the
cable 30 transmitted from the amplifying device 11 of the
player 10 to the AV amplifier 20, thus being able to extract the
input signal of the player 10. Similarly, the operation device
22 adds the mverted signal of the output signal of the AV
amplifier 20 to the signal on the cable 30 transmaitted from the
amplifying device 21 of the AV amplifier 20 to the player 10,
thus being able to extract the input signal of the AV amplifier
20. Therefore, two-way communication of the SPDIF normal
signal 31 and the SPDIF opposite signal 32 can be achieved
using the cable 30. When the two-way communication bit of
the channel status of the signal transmitted from the player 10
indicates that two-way communication 1s enabled, two-way
communication sequence starts upon transmission of the
SPDIF opposite signal. Therefore, new applications can be
supported by extending the SPDIF specification to enable
two-way communication while maintaining compatibility
with the SPDIF specification.

For example, as explained with FIGS. 9 and 10, appara-
tuses can be controlled by using an information communica-
tion frame. Further, as explained with FIG. 11, the clock
synchronization can be performed. Further, as explained with
FIG. 12, secure transmission can be performed by using
encryption bits and user information. Further, as explained
with FIG. 13, decoding of encoded data can be performed by
another apparatus. Further, as explained with FIG. 14, the
synchronization of D/A conversion and A/D conversion 1n
multi-track recording can be easily achieved. Further, as
explained with FIG. 18, the embodiment of the present mnven-
tion can be applied not only to a cable according to the SPDIF
specification but also to a cable according to the HDMI speci-
fication.

It should be noted that the embodiment of the present
invention 1s an example for implementing the invention, and
has a correspondence relationship with the mvention-speci-
tying matters recited 1in claims. However, the invention 1s not
limited to these matters and can be variously modified with-
out departing from the spirit of the mvention.

The processing steps explained in the embodiment of the
present invention may be understood as a method including
the series of steps, and may be understood as a program for
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causing a computer to execute the series of steps or a record-
ing medium storing the program. For example, CD (Compact
Disc), MD (Mimm Disc), DVD (Dagital Versatile Disk),
memory card, and Blu-ray Disk (registered trademark) may
be used as the recording medium.

INDUSTRIAL APPLICABILITY

This mvention can be widely applied to, for example, an
interface circuit and the like for transmitting a digital signal
such as an audio signal arranged 1n an apparatus such as an AV
(Audio/Visual) apparatus.

DESCRIPTION OF REFERENCE NUMERALS

10, 610, 710, 81: Player

11, 13, 21, 23, 611, 613, 621, 623, 811, 813, 821, 823, 841,
843, 851, 853: Amplifying device

12,22,612,622, 812,822, 842, 852: Operation device

14, 24, 614, 624, 814, 824, 844, 854: Output terminal

15, 25, 615, 625, 815, 825, 845, 855: Input terminal

20, 620, 720, 820: AV amplifier

30,50, 630, 730, 830, 860: Cable

31, 51: SPDIF normal signal

32, 52: SPDIF opposite signal

39: Ground line

40: Television recerver apparatus

100: Source apparatus

101: Transmitter

110: Sink apparatus model detection circuit
111, 112, 121, 122,133, 211, 212, 222, 233: Resistor

113, 123, 131, 213, 231: Capacitor

116, 126, 216: Comparator

120: Plug connection detection circuit

140: Source side transmission/reception circuit

160: Ethernet (registered trademark) transmission/reception
circuit

170, 270: SPDIF transmission/reception circuit

200: Sink apparatus

201: Recerver

210: Source apparatus model detection circuit

220: Plug connection transmission circuit

221: Choke coil

250: Sink side transmission/reception circuit

260: Ethernet (registered trademark) transmission/reception
circuit

300: Cable

410, 420, 430, 450, 481, 482, 510, 520, 530, 550, 581, 382:
Amplitying device

441, 341: Inverter

442, 460, 471, 472, 483, 542, 560, 571, 572, 583: Operation
device

616, 816, 826: Normal signal transmission unit

617, 817, 827: Opposite signal transmission unit

626: Normal signal transmission unit

627: Opposite signal transmission unit
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713
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716
717
725
726

727

340:
8406:
847:

830
836
8357
8358
871
872

22

, 721: Internal clock generation circuit

, 722 Clock component restructuring circuit
, 723: Clock switching device

, 724: Control microcomputer

: Recording medium access unit

, 828: Decoding unit

: Recording medium
: Latch

: D/A converting device

: Opposite signal transmission unit
Recorder
Reproducing unit

Recording unit

: Converting device

: A/D converting device

: D/A converting device

: Clock generation circuit
. Speaker

: Microphone

The invention claimed 1s:

1
a

d

d

d

2
a

d

d

d

. An mterface circuit comprising:

first transmission unit for outputting a first output signal,
as a differential signal, for receipt by an external appa-
ratus by way of a transmission path;

first extraction unit for extracting a first input signal by
adding an inverted signal of the first output signal to a
signal on the transmission path;
second transmission unit for multiplexing on the trans-
mission path a second output signal, as a common-mode
signal, including two-way information indicating that
two-way communication 1s enabled, and for transmuit-
ting the second output signal to the external apparatus by
way of the transmission path; and

second extraction unit for extracting a second input signal
by adding an inverted signal of the second output signal
to the signal on the transmission path.

. An mterface circuit comprising:

first transmission unit for outputting a first output signal,
as a differential signal, for receipt by an external appa-
ratus by way of a transmission path;

first extraction unit for extracting a first input signal by
adding an inverted signal of the first output signal to a
signal on the transmission path;
second transmission unit for multiplexing on the trans-
mission path a second output signal as a common-mode
signal, and for transmitting the second output signal to

the external apparatus by way of the transmission path;
and

second extraction unit for extracting a second input signal

by adding an inverted signal of the second output signal
to the signal on the transmission path,

wherein the second transmission unit transmits the second

output signal only when the second input signal includes
two-way 1nformation indicating that two-way commus-
nication 1s enabled.
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